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a b s t r a c t
An easy, one-step synthesis of Cu2O–reduced graphene composites (Cu2O–rGO) was developed using a
simple sonochemical route without any surfactants or templates. The morphology and structure of the
Cu2O–rGO composites were characterised using techniques such as scanning electron microscopy
(SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), Fourier transform infrared
(FT-IR) spectroscopy, Raman spectroscopy and X-ray photoelectron spectroscopy (XPS). The results indicated that the Cu2O sphere is approximately 200 nm in diameter and composed of small Cu2O particles
approximately 20 nm in diameter. The morphology and composition of the Cu2O–rGO composites could
be well controlled by simply changing the mole ratio of the reactants under ultrasonic irradiation. The
Cu2O–rGO composites displayed better photocatalytic performance for the degradation of methyl orange
(MO) than pure Cu2O spheres, which may have potential applications in water treatment, sensors, and
energy storage.
Ó 2013 Elsevier B.V. All rights reserved.

1. Introduction
Graphene, a new type of two-dimensional carbon material, has
attracted tremendous interest since its discovery in 2004 [1]. It
has shown great potential for applications in various technological
ﬁelds due to its exceptional physical properties, including high
intrinsic mobility, a unique high surface area, excellent thermal conductivity and optical transmittance [2–4]. Because of these characteristics, graphene has attracted wide interest for its potential in, for
instance, transparent conducting electrodes, ﬁeld emission/electric
devices, and electrochemical applications [5]. Graphene-based
nanocomposites have also attracted considerable attention due to
the synergistic contribution of two or more functional components.
With appropriate designs, nanocomposites can exhibit more beneﬁcial properties than either of their parent constituents, thus producing a material with improved performance [6].
Cuprous oxide (Cu2O) is one of the important p-type semiconductors with a narrow band gap and low toxicity, which is environmentally friendly and attractive in large scale applications, such as
solar cells [7], gas sensing [8], biosensors [9] and lithium ion
batteries [10]. In the recent years, the photocatalytic properties
of Cu2O have been extensively investigated. Cu2O can effectively
adsorb molecular oxygen, which can scavenge photogenerated
electrons to restrain the recombination of electron–hole pairs
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and consequently improve the photocatalytic efﬁciency [11–13].
More interestingly, Cu2O has been prepared with various morphologies or different exposed facets and has been shown to improve
photocatalytic activity in the degradation of organic molecules
[14–18].
Recently, many types of hybrid materials consisting of graphene
and metal oxides such as Mn3O4, SnO2, TiO2, and Co3O4 have been
synthesised [19–22]. Conventional mixing, hydrothermal and
solvothermal methods can be used to prepare Cu2O-based graphene composites for use as anode materials in lithium ion batteries
[23], electrocatalysts [24], photocatalysts [25], the degradation of
dyes, supercapacitors [26] and sensors [27,28].
Ultrasonic irradiation can provide localised hot spots with temperatures of 5000 °C and a pressure of 1000 atm, which are generated by acoustic cavitation, even at room temperature in bulk [29].
Sonochemistry has become an important tool for the synthesis of
nanoparticles [30]. When liquids are treated with ultrasonic irradiation, acoustic cavitation produces a variety of physical and chemical effects, which can provide a unique environment for chemical
reactions under extreme conditions [31]. It is worth noting that the
sonochemical method embodies the principles of green chemistry
[32]. However, to the best of our knowledge, few reports have
addressed the synthesis of Cu2O–graphene composites using a
sonochemical route.
Herein, we report a simple one-step sonochemical fabrication of
Cu2O–rGO composites without any surfactants or templates. The
morphology and composition of the composites could be well
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controlled by changing the mole ratio of the reactants. The as-synthesised Cu2O–rGO composites were evaluated as a photocatalyst
of methyl orange (MO). The results showed that the Cu2O nanospheres dispersed on rGO sheets had high photocatalytic activity
for the methyl orange under UV-light in comparison with pure
Cu2O nanospheres. These Cu2O–rGO composites may have potential applications in water treatment, sensors, and energy storage.
2. Experimental

transform infrared spectrophotometer. Raman spectra were
recorded on a Renishaw RM-1000 with excitation from the
514 nm line of an Ar-ion laser with a power of approximately
5 mW. X-ray photoelectron spectra (XPS) were recorded on a PHI
Quantera SXM spectrometer with an Al Ka = 280.00 eV excitation
source, where the binding energies were calibrated by referencing
the C1s peak (284.8 eV) to reduce the sample charge effect. The
UV–vis absorption spectra of the samples were taken periodically
on a Shimadzu UV-3600 spectrophotometer.

2.1. Synthesis of graphene oxide

2.4. Photocatalysis

Graphene oxide (GO) was prepared from puriﬁed natural graphite according to previous method [33,34]. The graphite was purchased from Sigma Co., while the other chemicals were obtained
from Shanghai Chemical Reagent Co. (Shanghai, China). All chemicals were used as received without any further puriﬁcation. In
detail, graphite powder (1.0 g), NaNO3 (0.5 g) and KMnO4 (3.0 g)
were slowly added to concentrated H2SO4 (23 mL) cooled by an
ice bath, and the mixture was vigorously stirred at 35 ± 3 °C for
30 min. On completion of the reaction, 46 mL of water was added,
and the temperature was kept at 98 °C for 15 min. Then, the temperature was reduced to 60 °C with the addition of warm water
(140 mL). H2O2 (30%, 10 mL) was added, and the reaction was continued for 2 h. The above mixture was ﬁltrated to collect the solid
product and washed 5 times with 4% HCl solution, then washed 3
times with deionised water. Finally, the material was dried in vacuum for further use.

The photocatalytic degradation of methyl orange (MO) was carried out in a 50 mL conical ﬂask containing 20 mg L 1 MO solution
and 20 mg of Cu2O–rGO composites as a catalyst, and the mixture
was stirred in the dark for 30 min to achieve adsorption equilibrium. Then, the mixture was irradiated with light from a 500 W
mercury lamp for photodegradation under stirring and surrounded
by a circulating water jacket for cooling. At intervals of time from
the start of the photoreaction, 2 mL of the suspension was sampled
and ﬁltrated to measure the absorbance at 464 nm and determine
the concentration evolution of MO. The photocatalytic activity is
expressed by C/C0 vs. t (time).

2.2. Synthesis of Cu2O–rGO
All chemicals were of analytical grade and were used without
further puriﬁcation. In a typical synthesis, 15 mg of GO was dispersed in 50 mL of water for 30 min to form a uniform dispersion
under sonication. After that, 10 mL of aqueous solution with
0.5 mmol Cu(CH3COO)2H2O was added to the above solution.
The mixture was stirred for 30 min to complete ion exchange, followed by adding hydrazine hydrate (0.5 mmol, 85%) dropwise with
constant stirring. Afterward, the reaction system was exposed to
high-intensity ultrasonic irradiation under ambient air for
20 min. The ultrasonic irradiation was generated with a highintensity ultrasonic probe (Xinzhi Co., China, JY92-2D, 1.1 cm
diameter, Ti-horn, 20 kHz, 60 W cm 2) immersed in the reaction
system. The ultrasonic irradiation was conducted without any
cooling, so that a temperature of about 65 °C was reached during
the reaction. The black precipitate was centrifuged, washed with
distilled water and absolute ethanol in sequence, and then dried
at 60 °C in vacuum to obtain the Cu2O–rGO composites. Pure
Cu2O was obtained by a similar process in the absence of GO. For
comparison, Cu2O–rGO was prepared under the same conditions
by a conventional stirring method instead of ultrasonic irradiation
at 65 °C.
2.3. Materials characterisation
Scanning electron microscopy (SEM) images were obtained on a
Hitachi S4800 scanning electron microscope at an accelerating
voltage of 5 kV; transmission electron microscopy (TEM) images
and selected area electron diffraction (SAED) patterns were taken
using a JEOL JEM-2010 transmission electron microscope at an
accelerating voltage of 200 kV; X-ray diffraction (XRD) measurements were performed on a Japan Shimadzu XRD-6000 diffractometer (Cu-Ka, k = 1.5418 Å) at a scanning rate of 5°/min in the 2h
range from 10° to 80°. Fourier transform infrared (FT-IR) spectroscopy measurements were carried out on a NICOLET 560 Fourier

3. Results and discussion
3.1. Characterisation of Cu2O–rGO
Using inductively coupled plasma atomic emission spectroscopy (ICP-AES), the product yield determined was about 71.2%
(Cu(CH3COO)2H2O as reference). Fig. 1(a) shows a typical SEM image of the Cu2O–rGO composites. A uniform size dispersion of Cu2O
spheres approximately 200 nm in diameter can be clearly observed
on both the graphene surface and the interlayers. No agglomeration is observed in the Cu2O–rGO sheet. The magniﬁed SEM image
shows that the Cu2O spheres are composed of nanoparticles
approximately 20 nm in diameter (Fig. 1b). The composites were
further characterised by TEM as shown in Fig. 1c and d. Fig. 1c
shows a high resolution TEM image of an rGO sheet in the vicinity
of a Cu2O nanosphere, which revealed well-deﬁned nanocrystalline
Cu2O on the graphene sheets. The lattice fringe of Cu2O has an
interplanar spacing of 0.26 nm, which is in agreement with the
(1 1 1) plane of cubic Cu2O. The HRTEM image of the highlighted
part of the rGO sheet is shown in Fig. 1(d), and the scrolling stripe
can be clearly observed at the edge of the rGO sheet. On the other
hand, the physical effects of the cavitation and shock waves created by ultrasound can accelerate solid particles to high velocities,
leading to interparticle collisions and inducing effective fusion at
the point of collision [35]. To consider the effects of ultrasound,
comparative experiments such as conventional stirring instead of
the ultrasonic treatment were performed, as shown in Fig. 2. Compared with Cu2O–rGO composites formed by ultrasonic treatment
(Fig. 2a), the Cu2O–rGO composites formed by conventional stirring did not show uniform structure (Fig. 2b). Thus, the above results indicate that a more uniform size of Cu2O spheres on the
graphene sheets have been formed by the sonochemical route
without the use of any surfactants or templates, which means that
ultrasound is very effective in dispersing Cu2O spheres on graphene layers.
Fig. 3 shows the typical X-ray diffraction (XRD) patterns of GO,
rGO, Cu2O–rGO and Cu2O. All the diffraction peaks of Cu2O can be
indexed to the (1 1 0), (1 1 1), (2 0 0), (2 2 0), and (3 1 1) facets of
cubic phased Cu2O (JCPDS Card No. 34-1354) (Fig. 3d), which is
consistent with the HRTEM results. Compared with the pure
Cu2O, the peaks above can be still detected in the XRD patterns
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Fig. 1. (a) SEM image of the as-prepared Cu2O–rGO composites; (b) Magniﬁed image of the structure; (c) (d) HRTEM image of the as-prepared Cu2O–rGO composites.

Fig. 2. SEM images using different methods for the preparation of Cu2O–rGO (a) sonochemical route; (b) conventional stirring condition (GO: 0.25 mg mL
0.5 mmol; hydrazine hydrate: 0.5 mmol; time: 20 min).

1

; Cu(CH3COO)2:

Fig. 3. XRD spectrum of (a) GO; (b) rGO; (c) Cu2O–rGO, and (d) Cu2O.

Fig. 4. Raman spectra of (a) GO; (b) rGO, and (c) Cu2O–rGO.

of the Cu2O–rGO composites, and no diffraction peaks referring to
GO could be detected in the composites (Fig. 3c). In addition, the
diffraction peak of GO (Fig. 3a) (10.4°, 0 0 2) disappeared (Fig. 3b),
indicating the reduction of GO [25,26].
Raman spectroscopy was used to characterise the structural
change of GO during the reduction from GO to rGO. The crystal
structure of graphite was damaged while converting graphite to
graphite oxide [36]. However, graphene was partially restored to
the ordered crystal structure, and some defects were repaired via

the chemical reduction of GO [36]. Typically, the Raman spectra
of single-layer graphene include the G peak appearing at
1580 cm 1 and the D peak at 1350 cm 1 [37]. Fig. 4 shows the Raman spectra of GO, rGO and Cu2O–rGO. A typical G band at
1590 cm 1 and a prominent D band at 1350 cm 1 were observed
in the GO sample (Fig. 4a). After reduction by hydrazine hydrate,
the G band of rGO shifted from 1590 cm 1 to 1589 cm 1 due to
the restoration of the isolated double bonds formed in GO to the
conjugated double bonds in rGO. Compared with GO, the Raman
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spectrum of the Cu2O–rGO composites (Fig. 4c) shows two main
bands at approximately 1356 and 1595 cm 1, corresponding to
the breathing mode of thek-point phonons of A1g symmetry (D
band) and the ﬁrst-order scattering of the E2g phonons (G band)
of graphene, respectively [38]. Additionally, the intensity ratio
(ID/IG) of the D band to the G band is calculated to be 0.97, which
is consistent with the measures of many graphene-based composites obtained from GO [24,39,40].
The FT-IR spectra of GO, rGO, Cu2O–rGO and Cu2O are shown in
Fig. 5. The spectrum of GO illustrates the strong peak at 3420 cm 1
caused by the stretching vibration of O–H, a peak caused by the
stretching vibration of C@O in carboxylic acid and carbonyl moieties at 1726 cm 1, the band at 1217 cm 1 caused by the C–O
stretching vibration of Ar–OH groups, and the C–O (epoxy or alkoxy) at 1053 cm 1 and C@C at 1626 cm 1 assigned to the skeletal
vibrations of unoxidised graphitic domains or contributions from
the stretching deformation vibration of intercalated water [41]
(Fig. 5a). After GO is reduced by hydrazine hydrate, the peaks for

the oxygen functional moieties (at 1726, 1398, 1053 cm 1) of the
GO groups gradually disappear, showing that most of the oxygen
containing groups in GO are removed and a high quality of graphene can be achieved under sonication [36] (Fig. 5b,c). The absorption band at 1635 cm 1 can be assigned to the stretching
vibration of C@C of rGO, and another at 1083.7 cm 1 can be assigned to the stretching vibration of C–O of rGO. In the case of
the FT-IR spectrum of Cu2O–rGO, the strong absorption band at
629 cm 1 can be assigned to the vibrations of the Cu–O functional
group (Fig. 5d), but is not observed in the spectrum of rGO (Fig. 5b),
which shows that the Cu2O spheres are bonded on the graphene
sheets by sonication. The band at 1558 cm 1 can be attributed to
the skeletal vibration of C–C of the graphene sheets, indicating that
the GO was efﬁciently reduced by hydrazine hydrate. The two
peaks further conﬁrmed that hydrazine hydrate could reduce both
Cu2+ and GO to produce Cu2O–rGO composites.
The X-ray photoelectron spectra (XPS) of GO and Cu2O–rGO
composites are shown in Fig. 6. The peaks located at 284.2,
530.2, and 932.2 eV are assigned to the characteristic peaks of
C1s, O1s, and Cu2p, respectively (Fig. 6a), showing the existence of
rGO and Cu2O spheres in the Cu2O–rGO. The predominant O1s peak
at 530.2 eV belongs to the lattice oxygen of Cu2O [42]. The peaks
located at 932.2 eV can be attributed to the Cu(I) in Cu2O according
to the reported binding energy of Cu2O [43] (Fig. 6b). The C1s XPS
spectrum of GO clearly indicates a considerable degree of
oxidation, with four components that correspond to carbon atoms
in different functional groups: the nonoxygenated ring C
(284.2 eV), the C in C–O bonds (286.3 eV), the carbonyl C (C@O,
288.08 eV) and the carboxylate C (O–C@O, 289.0 eV) [38,44]
(Fig. 6c). After being reduced by hydrazine hydrate under sonication for 20 min (Fig. 6d), the intensities of all the C1s peaks of the
carbons binding to oxygen, especially the peak of C–O (epoxy
and alkoxy), decreased dramatically, revealing that most oxygen
containing functional groups were removed after the reduction

Fig. 5. FT-IR spectrum of (a) GO; (b) rGO; (c) Cu2O–rGO, and (d) Cu2O.

Fig. 6. (a) The survey XPS spectra of the Cu2O–rGO; (b) the Cu2p XPS spectra of the Cu2O–rGO; (c) the C1s XPS spectra of the GO; (d) the C1s XPS spectra of the Cu2O–rGO.
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Scheme 1. Illustration of the synthesis of Cu2O–rGO composites via sonication.

Fig. 7. SEM images of the samples prepared in 0.25 mg mL
hydrate: (a) 0.25; (b) 0.5; (c) 1; (d) 2 mmol.

1

GO and 0.5 mmol Cu(CH3COO)2 under ultrasonic irradiation for 20 min with different amounts of hydrazine

and that graphene oxide had been effectively reduced by hydrazine
hydrate under sonication in a short time.
Scheme 1 shows the uniform distribution of Cu2O spheres on
graphene sheets achieved by a sonochemical method. The possible
mechanism for the formation of Cu2O–rGO composites may be as
follows: during the synthesis process, the copper(II) acetate precursor was ﬁrst loaded onto graphene oxide sheets (GO) dispersed
in an aqueous solution. The GO containing functional groups such
as hydroxyl, carboxyl, carboxylic moieties, and epoxide groups act
as anchoring sites for the copper precursor, which can interact
with the metal cations through physisorption, electrostatic binding, or charge-transfer interaction [25,45]. The treatment of the
resulting GO-Cu(Ac)2 with hydrazine hydrate resulted in the precipitation of Cu2O nanoparticles on the GO surface by sonication.
Then, these nanoparticles may act as seeds for the formation of
the spherical Cu2O via an oriented assembly process and become
tightly attached to the GO surface under sonication. With increasing sonication time, the Cu2O spheres were wrapped by GO sheets
to grow to approximately 200 nm. Meanwhile, the GO sheets were
reduced into rGO sheets by hydrazine hydrate. Therefore,
sonication can provide more reactive sites for epoxide and
hydroxyl removal using hydrazine hydrate. In addition, the uniform dispersion of the Cu2O spheres takes place in situ without
any surface functionalisation under the one-step sonochemical
approach compared with the conventional stirring (Fig. 2). So the
effect of the extreme temperature, pressure and high cooling rates
of ultrasonication may promote the reduction reaction in a shorter
time.

Fig. 8. XRD spectrum of various samples prepared in 0.25 mg mL 1 GO and
0.5 mmol Cu(CH3COO)2 under ultrasonic irradiation for 20 min with different mole
ratios of Cu(CH3COO)2 to hydrazine hydrate: (a) 1:0.5; (b) 1:1; (c) 1:2; (d) 1:4.

To investigate the effect of hydrazine hydrate, its concentration
was changed in the preparation. Fig. 7 shows the SEM images of
the resulted samples. When the concentration of hydrazine hydrate was 0.25 mmol, the shuttle-like Cu2O nanostructures distributed on rGO can be observed, forming a layer-by-layer structure in
the stacked composites (Figs. 7a and 8a). When the concentration
of hydrazine hydrate was 0.5 mmol, the obtained composites
exhibited uniform Cu2O spheres distributed on the surface of the
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Fig. 9. (a) Relative concentration (C/C0) of MO versus time under UV-light irradiation with Cu2O–rGO, Cu2O, rGO as photocatalysts and without photocatalysts; (b) kinetic
plots based on the data in (a).

graphene sheets (Figs. 7b and 8b). When the concentration of
hydrazine hydrate was increased to 1 mmol, the Cu2O spheres
were not uniformly distributed on the surface of the graphene
sheets (Figs. 7c and 8c). When the concentration of hydrazine
hydrate was further increased to 2 mmol, a new composite
Cu–Cu2O–rGO was formed (Figs. 7d and Fig. 8d). Therefore, the
concentration of hydrazine hydrate is important for the formation
of uniform Cu2O–rGO composites.
3.2. Photocatalytic measurements
The photocatalytic activities of the Cu2O–rGO composites were
investigated by the photodegradation of the MO solution at room
temperature. For comparison, the photocatalytic activities of the
pure Cu2O spheres and rGO were also measured under the same
condition. In addition, to exclude the inﬂuence of the adsorption
process, prior to irradiation, the MO solution mixed with the catalyst was kept in the dark for 30 min to obtain an absorption equilibrium. The relationships between the irradiation time and the
absorbance at 464 nm of the MO solution were recorded using
the Cu2O–rGO composites, pure Cu2O spheres, and rGO as catalysts, and the normalised temporal concentration changes (C/C0)
of MO during photodegradation are proportional to the normalised
maximum absorbance (A/A0) [46]. Fig. 9a shows that no change
could be observed in the concentration of MO for 60 min in the absence of catalysts (green line). However, MO was slightly degraded
in the presence of rGO due to its adsorption ability (blue line),
which suggested that the degradation of MO results from the photocatalyst under UV-light irradiation. Compared with pure rGO, the
concentration of MO decreases rapidly for both pure Cu2O spheres
and Cu2O–rGO composites (red and black line). This result showed
that the photocatalytic reaction was related to the existence of active sites [45,47] (Cu2O). Moreover, the Cu2O–rGO composites
showed a remarkable photocatalytic degradation efﬁciency of
MO compared with pure Cu2O spheres. Under UV light illumination for 60 min, 96.6% of the initial MO dyes were decomposed
using the Cu2O–rGO composites; however, only 52.6% of the initial
dyes were decomposed for pure Cu2O spheres under the same conditions. Similar phenomena were also observed in previous studies
[45,48]. Most importantly, the photodegradation activity of the organic dyes using the Cu2O–rGO composites as catalyst was higher
than using the present state-of-the-art photocatalysts, pure TiO2
and graphene-based TiO2 composites [45].
The pseudo-ﬁrst order reaction was observed for both the Cu2O
spheres and the Cu2O–rGO composites, as shown in Fig. 9b. For the
Cu2O–rGO composites, the pseudo-ﬁrst order rate constant (k) value at 0.0521 is higher than the rate constant of Cu2O at 0.0122.
The high k value is well known to reﬂect high photocatalytic activity [45,49]. Thus, the results showed that the Cu2O–rGO composites had much higher photocatalytic activity than the pure Cu2O,

which may be because the crystalline Cu2O spheres enhance the
activity by facilitating access to the reactive sites of Cu2O. On the
other hand, in addition to the light absorption, the charge transportation and separation were also considered to be key factors in
improving the photocatalytic activity [49]. Graphene has been reported to be a competitive candidate for the acceptor material
due to the unique 2D p-conjugation structure [50]. The photogenerated electrons could transfer from the conduction band of Cu2O
to rGO, and the graphene in the composites could act as an electron
transfer channel to reduce the recombination of the photo-generated electron holes. This process led to the improvement of
photo-conversion efﬁciency [47,21], producing higher photocurrent density and more charge carriers to form reactive species, to
promote the photodegradation of MO dyes [51]. In addition, the
larger surface area of graphene could provide more opportunities
for interfacial charge transfer [52]. An additional synergistic effect
in the graphene-based composites may arise from the edge atoms
of graphene, which has been demonstrated to alter the electronic
properties [53] and signiﬁcantly affect the adsorption of reactants
[54] to lead to greater photocatalytic activities.
4. Conclusions
In summary, using a simple one-step sonochemical route, the
Cu2O–rGO composites were successfully prepared without any
surfactants or templates. In the composite, the Cu2O spheres were
well distributed on surface of graphene sheets with an average size
of 200 nm. The as-obtained Cu2O–rGO composites have good stability and photocatalytic performance in the photodegradation of
methyl orange under UV-light illumination. The increase in the
photocatalytic degradation efﬁciency can be attributed to the fact
that rGO acts not only as a charge acceptor to promote the separation and transfer of photo-generated carriers but also as a support
to stabilise Cu2O and adsorb MO molecules in the aqueous solution. Thus, the integration of the 3D structure with large surface
areas and the highly dispersed nanospheres can be an exciting
material for use in future nanotechnology.
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